. Protein sulphydryl depression during adjuvant arthritis. The changes in plasma protein sulphydryl level were measured during the course of adjuvant-induced arthritis in rats. Major depressions in the plasma sulphydryl level occurred at the onset of adjuvant disease, and the extent of the depression was related to the severity of the disease. Plasma sulphydryl levels remain unchanged when the systemic arthritis is suppressed by inclusion of a competing antigen in the adjuvant. Changes in sulphydryl content of the plasma were shown not to be due to weight loss or decrease in plasma protein level. 
Deficiency of sulphydryl (SH) levels of plasma proteins has been reported in patients with connective tissue disorders (rheumatoid arthritis, systemic lupus erythematosus, rheumatoid vasculitis) (Lorber, Bovy, and Chang, 1971) . A study was conducted using adjuvant arthritis (AA) as a model to gain insight into the significance of this SH depression with respect to the aetiology and/or pathogenesis of such disorders. The systemic nature of AA is indicated by the widespread biochemical disturbances which accompany the chronic joint inflammation. In this sense, AA may be comparable to the above human collagen vascular disorders. The actual development of AA can be readily quantified and distinguished from an initial phase of acute inflammation at the site of injection of the adjuvant, thus providing an excellent experimental vehicle for studying the SH depression during the various phases of the disease.
Specifically, this study attempts to establish the effect on plasma SH values of the initial, acute inflammatory phase characterized by inflammation of the injected joint and of the various phases of AA. Changes in serum SH levels at these various phases of the disease were compared to the arthritis score, changes in plasma protein levels, and body weight. SH values were also determined in animals in which the AA was suppressed by a competing antigen without, however, influencing the initial inflammatory response.
Materials and methods
For all experimental and control groups, 5 male Lewis strain rats (Microbiological Associates) weighing 150-250 g initially, were used. Adjuvant arthritis was induced by intradermal injection of 010 ml Freund's complete adjuvant into a foot pad of the left hind paw. The adjuvant was prepared by suspending Mycobacterium butyricum (Difco Laboratories) in paraffin oil (6-0 mg/ml).
The arthritis score was used as an index of the severity of the AA and was determined by observation of the extent of swelling, lesions, and redness of each joint, including the tail, with scores of 0 to 4 being assigned to each joint. The maximum score for one animal was 20.
Blood samples were collected into heparinized tubes by amputation of the tip of the tail. Plasma protein SH was determined radiochemically by addition of 0-1 ml plasma to 0-2 ml 203Hg p-chloromercuribenzene sulphonic acid (PCMBS, 1-18 mmol/l in 0 09 % NaCl), to a final volume of 1 5 ml with water followed by precipitation with 1-5 ml of 7 % trichloroacetic acid (TCA) and centrifugation.
Precipitates were washed twice with 3-750% TCA, and protein bound 203Hg in the precipitates was counted in a well scintillation spectrometer. When larger sample volumes were available, serum sulphydryl levels were also measured by argentometric titration, and no significant differences were found. In those occasional samples which showed signs of haemolysis, corrections were made for heme protein SH in the plasma samples by determining (before TCA precipitation) the heme peak at 415 nm in both the plasma sample and an appropriately diluted haemolysate of cells from the same animal. The haemolysate was analysed for SH in the same manner as the Protein sulphydryl depression during adiuvant arthritis 347 plasma. From the calculated SH per heme OD in the haemolysate and the OD of the heme in the plasma sample, the heme protein SH in the plasma sample was calculated and subtracted from the total protein SH.
Suppression ofAA with competing antigen (Pearson and Wood, 1964; Gery and Waksman, 1967) was achieved by homogenizing human IgG (7S fraction) with Freund's complete adjuvant before injection. Booster shots of the IgG alone (in saline) were administered on days 8, 26, and 44. The production of antibody against human IgG was monitored by means of a latex agglutination test (Hyland RA test). Albumin was measured fluorometrically (Rees, Fildes, and Laurence, 1954) . Total plasma protein was determined by the biuret method (Reinhold, Seligson, Schreiner, Riddle, Sharon, and Vanderan, 1953) .
Results
The serial changes which occur in plasma SH levels during the course of adjuvant arthritis disease are shown in Fig. 1 . It can be seen that the disease can be divided into 5 different phases on the basis of disease activity (Baumgartner, Beck, Lorber, Pearson, and Whitehouse, 1974 When the sustained phase of AA (phase III) was blocked by the addition of human IgG to Freund's adjuvant, the decline in plasma SH did not take place nor did the development of systemic lesions or generalized arthritis (Fig. 2) . Acute inflammation was limited entirely to the injected joint (phase I). Evidence of humoral immune response to the IgG was shown by the development of antihuman IgG titre, ranging from 160-1280 reciprocal dilutions. This response, however, was not correlated with depletion of plasma protein SH.
Although adjuvant rats lose substantial amounts of body weight during the course of the disease, total plasma protein content remains relatively stable (Fig.  3) . Some changes in the albumin/globulin ratio are seen, but similar alterations can be observed in normal rats when restricted to 50 % of the normal food intake (which is equal to the most depressed food intake observed during AA). These starved animals suffered weight losses similar to the AA rats and similar alteration in A/G ratio (Zahiri, Gagnon, Ayotte, and Laurin, 1969) , but there is no decline in SH content with food deprivation (Table) .
Discussion
It appears that the sulphydryl depression of plasma proteins in adjuvant arthritis is associated with the protracted inflammatory phase of the disease. The major depression of SH level occurs during this phase, and those changes which occur during the acute phase are more moderate, and appear to be transitory. Other biochemical changes have been reported to occur in AA, including depressed serum albumin levels, raised fibrinogen and a-2-macroglobulins, and impaired liver microsomal oxidase activity (Lowe, 1964; Weimer, Wood, and Pearson, 1968; Beck and Whitehouse, 1973) . All of these changes, however, are expressed during the initial acute inflammatory phase and can be induced by agents such as croton oil and carrageenan without leading to AA (Goldstein, Shemano, Demeo, and Beiler, 1967; Varsa-Handler, Handler, and Gordon, 1967; Glenn, Gray, and Kooyers, 1965 (Lorber, and others, 1971) . This suggests that oxidation of protein SH groups, or formation of new proteins deficient in SH, is occurring. Increased heterogeneity in electrophoretic patterns has previously been reported (Lorber, and others, 1971) . Biochemical abnormalities, such as albumin changes and SH depression, may both result from a more basic liver malfunction, the existence of which is indicated by the impaired drug hydroxylation in the liver in AA (Beck and Whitehouse, 1973 
